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ABSTRACT 

Diabetes mellitus is a set of disorders that cause hyperglycemia and glucose intolerance as a result of a 

lack of insulin, defective insulin function, or both. Diabetes can further give rise to other diseases. So, 

the aim of this study is the formulation of phytosome  by use of bioactive constituent of prunella vulgaris 

and its evaluation for anti diabetic effect. The plant material was obtained and subjected to extraction. 

Further the qualitative & quantitative estimation of phytochemicals was performed. The phytosomes 

were formulated & evaluated for every parameter along with anti diabetic activity.  The results showed 

that the percentage yield of hydroalcoholic extract of Prunella vulgaris exhibited higher yield 7.56% 

followed by pet. ether extract of 2.78%. The total phenolic and flavonoid contents of Prunella vulgaris 

showed the content value 0.475mg GAE/100mg extract and 0.846mg QAE/100mg extract respectively. 

The entrapment efficiency of the phytosomes was found in the range of 65.52 to 75.65%. Particle size of 

all formulations found within range 236.65-365.45nm.  Formulation F10 was found best. The IC 50 value 

for phytosome by alpha amylase assay was found to be 231.22 (µg/ml). The first order was found to be 

maximum that is 0.988 hence indicating drug release from formulations was found to follow First Order 

release kinetics. Results of stability studies clearly indicates that optimized batches of phytosomes were 

stable over the chosen temperature and humidity conditions up to 3 months as were found no significant 

variation in physical appearance and % drug content. Thus, it can be concluded that formulated F10 

phytosome exhibits all ideal characteristics & can be used to treat diabetes. 
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INTRODUCTION 

Diabetes mellitus is a set of disorders that cause hyperglycemia and glucose intolerance as a result of a 

lack of insulin, defective insulin function, or both. Failures in the regulatory systems for the storage and 

mobilisation of metabolic fuels, such as carbohydrate, lipid, and protein catabolism and anabolism, are 

caused by incorrect insulin synthesis, insulin action, or both, resulting in such challenges. There are two 

types of diabetes mellites 1-3. 
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In type I diabetes melites the CD4+ and CD8+ T lymphocytes, as well as macrophages invading the 

islets, destroy insulin-producing cells in the pancreas, resulting in Type 1 Diabetes. The autoimmune 

death of pancreatic -cells causes a lack of insulin secretion, leading to the metabolic abnormalities 

associated with T1DM. In T1DM patients, the function of pancreatic -cells are aberrant, and there is 

excessive production of glucagons in addition to the loss of insulin secretion. Insulin insufficiency results 

in uncontrolled lipolysis and elevated plasma levels of free fatty acids, which prevents glucose from 

being used in peripheral tissues such as skeletal muscle 4,5. 

In type 2 diabetes there is impaired insulin secretion through a dysfunction of the pancreatic β-cell, and 

impaired insulin action through insulin resistance. Hepatic insulin resistance is the driving force of 

hyperglycemia in type 2 diabetes because it occurs in the context of hyper insulinemia, at least in the 

early and intermediate phases of the illness 6. 

Phytochemicals are bioactive polyphenolic compounds naturally found in plants that have been studied 

extensively due to their potential medicinal and nutritional benefits to humans Phytochemicals are 

categorized into three major categories based on their structural elements: terpenoids, alkaloids and 

polyphenolic substances. Numerous flavor and aromatic molecules are trepeniods, including menthol, 

linalool, geraniol, and caryophyllene, while catechols, lignins, tannins, stilbenes, and flavonoids are 

phenolic compounds 7-9. 

A number of chief constituents of herbal medicine are easily soluble in water (glycoside, flavonoid); 

however, these constituents are bounded in their potency because they may be partially soluble or 

hydrophobic in nature, so when applied topically shows less therapeutic efficacy 10,11. 

Numerous efforts have been put forward to enhance the bioavailability of such drug by formulating them 

to target drug delivery system such as phytosomes and liposomes are good options Phytosomes means 

herbal drug loaded in vesicles, which is available in the Nano form. The phytosome provide an envelope, 

like coating around the active constituent of drug and due to this the chief constituent of herbal extract 

remains safe from degradation by digestive secretion and bacteria. Phytosome is effectively able to 

absorb from a water loving environment into lipid loving environment of the cell membrane and finally 

reaching to blood circulation.  This study deals with the evaluation of Prunella vulgaris plant for its 

antidiabetic activity through a phytosomal approach 12-14. 

 

MATERIALS AND METHODS 

Material  

Hydrochloride, Disodium Hydrogen Phosphate, Di potassium Hydrogen Orthophosphate, Sodium 

Chloride, Dichloromethane were obtained from S.D fine chemicals Mumbai. Methanol, Ethanol and 
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Chloroform were obtained from Qualigen chemicals Mumbai. Cholesterol and lecithins obtained from 

RFCL Ltd. Delhi. 

Collection of Plant material  

The plants have been selected on the basis of its availability and Folk use of the plant. Aerial part of 

Prunella vulgaris were collected from local area of Bhopal in the month of April, 2021.Drying of fresh 

plant parts were carried out in sun but under the shade. Dried aerial part of Prunella vulgaris were 

preserved in plastic bags and closed tightly and powdered as per the requirements. 

Methods 

Extraction of plant  

56.84 gm of dried powdered aerial part of Prunella vulgaris were coarsely powdered and subjected to 

extraction with petroleum ether by maceration. The extraction was continued till the defatting of the 

material had taken place. Defatted dried powdered aerial part of Prunella vulgaris has been extracted 

with hydroalcoholic solvent (ethanol: water: 75:25) using maceration method for 48 hrs, filtered and 

dried using vacuum evaporator at 400C. 

Phytochemical screening 

Phytochemical examinations were carried out for the extract as per the standard methods 15. 

Quantitative estimation of bioactive compounds 

Total Phenolic content estimation  

The total phenolic content of the extract was determined by the modified Folin-Ciocalteu method. 10 mg 

Gallic acid was dissolved in 10 ml methanol, various aliquots of 5- 25µg/ml was prepared in methanol. 

10mg of dried extracts of were dissolved in 10 ml methanol and filter. Two ml (1mg/ml) of this solution 

was used for the estimation of phenol. 2 ml of each extract or standard was mixed with 1 ml of Folin-

Ciocalteu reagent (previously diluted with distilled water 1:10 v/v) and 1 ml (7.5g/l) of sodium carbonate. 

The mixture was vortexed for 15s and allowed to stand for 15 min for colour development. The 

absorbance was measured at 765 nm using a spectrophotometer 16. 

 Total flavonoids content estimation  

Determination of total flavonoids content was based on aluminium chloride method. 10 mg quercetin 

was dissolved in 10 ml methanol, and various aliquots of 5- 25μg/ml were prepared in methanol. 10mg 

of dried extracts of were dissolved in 10 ml methanol and filter. Three ml (1mg/ml) of this solution was 

used for the estimation of flavonoid. 1 ml of 2% AlCl3 methanolic solution was added to 3 ml of extract 

or standard and allowed to stand for 15 min at room temperature; absorbance was measured at 420 nm17. 
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Formulation development of Phytosomes  

The complex was prepared with phospholipids: Cholesterol and Prunella vulgaris in the ratio of 1:.5:1, 

1:1:1, 2:1.5:1, 2:2:1 respectively. Weight amount of extract and phospholipids and cholesterol were 

placed in a 100ml round-bottom flask and 25ml of dichloromethane was added as reaction medium. The 

mixture was refluxed and the reaction temperature of the complex was controlled to 50°C for 3 h. The 

resultant clear mixture was evaporated and 20 ml of n-hexane was added to it with stirring. The 

precipitated was filtered and dried under vacuum to remove the traces amount of solvents. The dried 

residues were gathered and placed in desiccators overnight and stored at room temperature in an amber-

colored glass bottle 18. 

 

Table 1: Different formulations of Phytosomes 

Formulation Ratio of 

Phospholipids and 

Cholesterol 

Extract 

Concentration 

(%) 

Dichloromethane 

Concentration 

Optimization of Phospholipids and Cholesterol  

F1 1:05 1 25 

F2 1:1 1 25 

F3 1:1.5 1 25 

F4 1:2 1 25 

Optimization of Drug Concentration  

F5 1:1 0.5 25 

F6 1:1 1.0 25 

F7 1:1 1.5 25 

F8 1:1 2.0 25 

Optimization of solvent concentration 

F9 1:1 1.0 10 

F10 1:1 1.0 25 

F11 1:1 1.0 50 

F12 1:1 1.0 75 
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Characterization of Phytosomes 

Entrapment efficiency 

Phytosome preparation was taken and subjected to centrifugation using cooling centrifuge (Remi) at 

12000 rpm for an hour at 4 19. 

The clear supernatant was siphoned off carefully to separate the non-entrapped flavonoids and the 

absorbance of supernatant for nonentrapped Prunella vulgaris extract was recorded at λmax 420.0 nm 

using UV/visible spectrophotometer (Labindia 3000+). Sediment was treated with 1ml of 0.1 % Triton 

x 100 to lyse the vesicles and diluted to 100 ml with 0.1 N HCl and absorbance taken at 420.0 nm. 

Amount of quercetin in supernatant and sediment gave a total amount of Prunella vulgaris extract in 1 

ml dispersion. 

Particle size and size distribution 

The particle size, size distribution and zeta potential of optimized phytosomes formulation were 

determined by dynamic light scattering (DLS) using a computerized inspection system (Malvern 

Zetamaster ZEM 5002, Malvern, UK). The electric potential of the phytosomes, including its Stern layer 

(zeta potential) was determined by injecting the diluted system into a zeta potential measurement cell 20. 

Transmission electron microscopy 

Surface morphology was determined by TEM, for TEM a drop of the sample was placed on a carbon-

coated copper grid and after 15 min it was negatively stained with 1% aqueous solution of 

phosphotungustic acid. The grid was allowed to air dry thoroughly and samples were viewed on a 

transmission electron microscopy (TEM Hitachi, H-7500 Tokyo, Japan). 

In vitro anti-diabetic activity of phytosome using inhibition of alpha amylase enzyme 

Preparation of standard: 10 mg acarbose was dissolved in 10 ml methanol, and various aliquots of 

100- 500μg/ml were prepared in methanol. 

Preparation of sample: 10 mg of phytosome was extracted with 10 ml methanol. 500 µl of this solution 

was used for the estimation of enzyme inhibition. 

Method: A total of 500 µl of test samples and standard drug (100-500µg/ml) were added to 500 µl of 

0.20 mM phosphate buffer (pH 6.9) containing α-amylase (0.5mg/ml) solution and were incubated at 

25°C for 10 min. After these, 500 µl of a 1% starch solution in 0.02 M sodium phosphate buffer (pH 6.9) 

was added to each tube. The reaction mixtures were then incubated at 25°C for 10 min. The reaction was 

stopped with 1.0 ml of 3, 5 dinitrosalicylic acid colour reagent. The test tubes were then incubated in a 

boiling water bath for 5 min, cooled to room temperature. The reaction mixture was then diluted after 

adding 10 ml distilled water and absorbance was measured at 540 nm. Control represents 100% enzyme 

activity and were conducted in similar way by replacing extract with vehicle. 
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 In vitro dissolution rate studies 

In vitro drug release of the sample was carried out using USP- type I dissolution apparatus (Basket type). 

The dissolution medium, 900 ml 0.1N HCl was placed into the dissolution flask maintaining the 

temperature of 37±0.5ºC and 75 rpm. 10 mg of prepared phytosomes was placed in each basket of 

dissolution apparatus. The apparatus was allowed to run for 8 hours. Sample measuring 3 ml were 

withdrawn after every interval (30 min, 1 hrs, 2 hrs, 4 hrs, 6 hrs, 8 hrs, and 12 hrs.) up to 12 hours using 

10 ml pipette. The fresh dissolution medium (370C) was replaced every time with the same quantity of 

the sample and takes the absorbance at 256.0 nm using spectroscopy. 

Mathematical treatment of in-vitro release data: The quantitative analysis of the values obtained in 

dissolution/release tests is easier when mathematical formulas that express the dissolution results as a 

function of some of the dosage forms characteristics are used. Zero order, first order, Higuchi & 

Korsmeyer peppas model was evaluated 21. 

Stability studies of optimize Phytosomes Formulation  

The prepared phytosomes subjected to stability studies at 40±2°C/75±5% RH and 30±2°C/60±5% RH 

as per ICH guidelines for a period of 3 months. Samples were withdrawn at 1 month time intervals and 

evaluated for physical appearance and drug content 22. 

RESULTS & DISCUSSION 

The percentage yield of hydroalcoholic extract of Prunella vulgaris exhibited higher yield 7.56% 

followed by pet. ether extract of 2.78%. Due to these results, can be concluded as Prunella vulgaris 

hydroalcoholic extract possess more phytoconstituents as compare to pet. ether extract.  The 

hydroalcoholic extract of Prunella vulgaris had revealed the presence of diterpenes, tannins, protein, 

flavonoids, phenols, carbohydrates and saponins. Glycosides and alkaloids were found to be absent in 

Prunella vulgaris. The total phenolic and flavonoid contents of Prunella vulgaris showed the content 

value 0.475mg GAE/100mg extract and 0.846mg QAE/100mg extract respectively 

The entrapment efficiency of the phytosomes was found in the range of 65.52 to 75.65%. Particle size of 

all formulations found within range 236.65-365.45nm. Concentration of lipid has shows significant 

impact on size of phytosomes. Formulation F10 was found best one which is further evaluated for drug 

release study, transmission electron microscopy (TEM), and stability studies. When the regression 

coefficient values of were compared, it was observed that ‘r2’ values of First Order was maximum i.e. 

0.988 hence indicating drug release from formulations was found to follow First Order release kinetics. 

Results of stability studies clearly indicates that optimized batches of phytosomes were stable over the 

chosen temperature and humidity conditions up to 3 months as were found no significant variation in 

physical appearance and % drug content.  
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Table 2: % Yield of Prunella vulgaris 

S. No. Solvents % Yield (w/w) 

1 Pet ether 2.78% 

2. Hydroalcoholic 7.56% 

 

Table 3: Phytochemical screening of extract of Prunella vulgaris 

S. No. Constituents Hydroalcoholic extract 

1. Alkaloids 

                  Wagner’s Test 

Hager’s test 

 

-ve 

-ve 

2. Glycosides 

Legal’s test 

 

-ve 

3. Flavonoids 

Lead acetate 

Alkaline test 

 

+ve 

+ve 

4. Phenolics 

Ferric Chloride Test 

 

+ve 

5. Proteins 

Xanthoproteic test 

 

+ve 

6. Carbohydrates 

Fehling’s test 

 

+ve 

7. Saponins 

Froth Test 

Foam test 

 

+ve 

+ve 

8. Diterpenes  

Copper acetate test 

 

-ve 

9. Tannins 

Gelatin Test 

 

+ve  

 

Table 4: Total phenolic and total flavonoid content of Prunella vulgaris  

S. No. Extract Total Phenol  

(mg/100mg) 

Total Flavonoids 

(mg/100mg) 

1. Hydroalcoholic extract 0.475 0.846  
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Table 5: Particle size and entrapment efficiency of drug loaded Phytosomes 

Formulation Code Particle size 

(nm) 

Entrapment Efficiency 

(%) 

F1 365.45 65.58 

F2 285.45 72.23 

F3 312.25 69.98 

F4 342.12 67.74 

F5 298.45 68.85 

F6 245.65 73.12 

F7 285.65 69.12 

F8 296.65 65.85 

F9 265.74 65.52 

F10 236.65 75.65 

F11 245.65 67.74 

F12 262.32 68.85  

 

 

 

 

Figure 1: TEM image of phytosomes 
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Table 6: % Inhibition of acarbose and prepared phytosomes of Prunella vulgaris 

 

 

 

 

 

 

 

 

 

 

Table 7: In-vitro drug release data for optimized formulation F10 

Time 

(h) 

Square 

Root of 

Time(h)1/2 

Log 

Time 

Cumulative*% 

Drug Release 

Log 

Cumulative 

% Drug 

Release 

Cumulative 

% Drug 

Remaining 

Log 

Cumulative 

% Drug 

Remaining 

0.5 0.707 -0.301 25.65 1.409 74.35 1.871 

1 1 0 36.65 1.564 63.35 1.802 

2 
1.414 0.301 

48.85 
1.689 51.15 1.709 

4 
2 0.602 

72.23 
1.859 27.77 1.444 

6 2.449 0.778 89.98 1.954 10.02 1.001 

8 2.828 0.903 96.65 1.985 3.35 0.525 

12 3.464 1.079 99.45 1.998 0.55 -0.260  

 

Table 8: Regression analysis data of optimized formulation F10 

Batch 
Zero Order First Order Higuchi  

Korsmeyer 

Peppas 

R² R² R² R² 

F10 0.949 0.988 0.949 0.982  

 

 

 

 

S. No. Concentration 

(µg/ml) 

% Inhibition 

Acarbose Phytosomes 

1 100 52.32 34.51 

2 200 69.98 48.02 

3 300 73.32 54.65 

4 400 79.95 62.75 

5 500 89.85 70.87 

IC50 (µg/ml)                  28.58 231.22 
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CONCLUSION 

Phytosomes are a novel type of delivery system for herbal medicines and have been shown to be effective 

in delivering active compounds to target cells for various therapeutic effects. Prunella vulgaris is a 

medicinal herb that has been used for centuries to treat a variety of ailments, including diabetes. It is rich 

in a variety of bioactive compounds, such as polyphenols, flavonoids, and other antioxidants, which may 

be responsible for its anti-diabetic activity. In conclusion, in this study, the combined hydroalcoholic 

extract of Prunella vulgaris in ratio of 1:1:1 found to exhibit significant results.  The entrapment 

efficiency of the phytosomes was found in the range of 65.52 to 75.65%. Particle size of all formulations 

found within range 236.65-365.45nm. Concentration of lipid has shows significant impact on size of 

phytosomes. The maximum percentage drug release and minimum Particle size was found in formulation 

F10 was select as optimized formulation. In-vitro studies revealed that phytosomes showed control 

release of phytoconstituents. Hence, phytosomal formulation of this herbal drug combination can be used 

for clinical application to enhance the therapeutic effect. 
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